



















































































































































































































































































































































































































































































































































































































































































































































































A	 	 	 	 	 	 			B	690	
	691	
	692	
Figure	4	Neural	transcriptomes	are	feminised	in	flatwing	males.	(a)	Number	of	transcripts	693	
differentially	expressed	between	flatwing	males	versus	all	females	and	between	normal-694	
wing	males	versus	all	females.	Greater	similarity	between	flatwing	males	and	females	than	695	
between	normal-wing	males	and	females	indicates	transcriptional	feminisation	of	flatwing	696	
male	neural	tissue;	asterisks	indicate	a	significant	difference	(χ2	=	2011.79,	df	=	1,	p	<	0.001).	697	
(b)	Multidimensional	scaling	(MDS)	plot	showing	overall	patterns	of	neural	gene	expression	698	
in	each	of	the	48	samples,	for	all	mapped	transcripts.	Open	symbols	represent	crickets	699	
reared	in	silence	and	solid	symbols	represent	those	reared	with	song.	Polygons	have	been	700	
drawn	to	enclose	all	the	replicates	of	each	type	of	cricket.	The	factors	“sex”,	“morph”,	and	701	
“acoustic	treatment”	explain	8%,	4%,	and	3%	of	the	total	variation	(Bray	distance)	in	702	
transcriptome	profiles,	respectively.	703	
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	704	
Figure	5 Schematic	illustration	depicting	coevolution	between	phenotypic	plasticity	and	a	705	
novel	adaptive	phenotype,	as	described	in	Box	1.	Panels	(a)-(c)	illustrate	a	scenario	of	rapid	706	
evolution	of	male	silence	in	Teleogryllus	oceanicus,	and	a	hypothetical	role	for	plasticity	707	
based	on	Lande	2009.	708	
	 	709	
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Box	1.	Rapid	coevolution	of	socially-mediated	plasticity	and	a	trait	under	selection.	The	710	
evolutionary	loss	of	male	song	in	Teleogryllus	oceanicus	is	used	as	an	example	(Figure	5).		711	
	712	
[A]	Hypothetical	Gaussian	fitness	function	for	male	singing	tendency	in	an	ancestral	713	
environment.	The	y-axis	represents	relative	male	fitness	(ω),	which	depends	on	how	much	714	
males	sing	(x-axis).	Song	is	advantageous	owing	to	its	role	in	mate	attraction,	courtship	and	715	
aggression,	but	energetic	and	mechanical	constraints	reduce	male	fitness	beyond	an	optimal	716	
level	of	song	production,	λ (Fig.	5A).		717	
	718	
[B]	Shift	of	the	optimal	male	singing	tendency	when	acoustically-orienting	parasitoids	are	719	
present.	The	y-axis	still	represents	relative	male	fitness	(ω)	and	the	x-axis	how	much	males	720	
sing.	Song	still	functions	in	mate	acquisition	and	thus	carries	a	sexually	selected	benefit.	721	
However,	optimal	levels	of	male	song	production	are	now	lower	(λ’)	because	of	722	
countervailing	natural	selection	exerted	by	fatal	parasitoids	that	use	it	to	locate	hosts.	The	723	
shift	in	optimum	male	phenotype	along	the	x-axis	is	indicated	by	Δλ-λ’,	and	can	be	724	
conceptualised	as	selection	on	quantitative	variation	underlying	the	tendency	to	sing,	by	725	
forcing	a	shift	in	the	distribution	of	singers	vs.	non-singers	in	the	population	or	alternatively	726	
through	a	change	in	average	behaviour	across	males.	Early	field	studies	found	support	for	727	
the	latter	(Cade	1975;	Zuk	et	al.	1993;	Rotenberry	et	al.	1996;	Zuk	et	al.	1998).	Despite	the	728	
benefits	of	song	reduction,	complete	cessation	of	singing	still	carries	costs,	for	example	729	
because	of	the	need	to	acquire	mates	via	other	means	(Bailey	et	al.	2010,	Rotenberry	et	al.	730	
2015)	and	poorer	performance	in	agonistic	encounters	(Logue	et	al.	2010).	731	
	 The	star	indicates	the	phenotype	of	obligately	silent	flatwing	males.	The	invasion	of	732	
flatwing	allele(s)	into	the	population	marks	the	emergence	of	a	new,	discrete	phenotype	733	
favoured	because	it	places	males	closer	to	the	optimal	phenotype	when	flies	are	present.	If	734	
there	were	no	flies,	the	flatwing	male	phenotype	would	carry	a	severe	cost	owing	to	its	735	
distance	from	the	population	optimum,	Δλ-fw,	yet	when	flies	are	present	it	clearly	confers	an	736	
advantage	despite	having	“overshot”	the	optimal	phenotype,	Δλ’-fw. Flatwing	is	also	known	737	
to	cause	a	range	negative	pleiotropic	effects	in	males	that	express	it:	they	cannot	advertise	738	
for	or	court	females,	and	they	experience	dysfunction	in	agonistic	encounters	(Zuk	et	al.	739	
2006;	Bailey	et	al.	2008;	Logue	et	al.	2010).	Flatwing	males	also	have	reduced	investment	in	740	
reproductive	tissues	(Bailey	et	al.	2010)	and	partially-feminised	cuticular	hydrocarbon	741	
profiles	(unpublished	data).	The	fitness	decrement	due	to	negative	pleiotropy	in	flatwing	742	
males, δp,	is	indicated	by	the	solid	grey	arrow,	which	shows	how	the	potential	maximum	743	
fitness	benefits	of	flatwing	(star)	exceed	the	realised	fitness	benefits	(circle).	Plasticity	to	the	744	
changed	signalling	environment	caused	by	the	spread	of	silent	flatwing	males	is	known	to	745	
enable	males	to	mitigate	consequences	of	obligate	silence,	reducing	the	fitness	decrement	746	
δp	associated	with	flatwing	(Fig.	5B).		747	
	748	
[C]	Evolution	of	phenotypic	plasticity	during	“extraordinary”	environmental	change	caused	749	
by	proliferation	of	silent	flatwing	males.	Here,	the	y-axis	represents	a	generic	trait	ζi that	750	
mitigates	negative	pleiotropic	effects	of	flatwing	by	responding	to	the	acoustic	social	751	
environment—for	example,	the	tendency	of	males	to	adopt	satellite	mating	tactics.	The	x-752	
axis	now	represents	the	proportion	of	flatwing	males	present	in	the	population,	which	753	
determines	the	amount	of	song	present	within	the	environment.	Here,	we	consider	the	shift	754	
towards	a	silent	social	environment	an	“extraordinary”	environmental	change,	cf.	Lande	755	
(2009).	An	optimal	reaction	norm	with	slope	βi is	indicated	by	the	thick	line,	and	selection	756	
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will	favour	individuals	expressing	phenotypes	close	to	this	line.	If	there	is	genetic	variation	757	
for	plasticity,	for	example	as	a	result	of	past	environmental	stochasticity	caused	by	758	
demographic	fluctuations	or	environmental	signal	interference	(indicated	by	“silence”	and	759	
“song”	in	parentheses	on	the	x-axis),	then	reaction	norms	for	individual	genotypes	are	760	
predicted	to	be	distributed	as	indicated	by	the	light	grey	lines,	with	little	genetic	variance	761	
available	to	selection	under	ordinary	environmental	circumstances	that	characterise	762	
populations	rich	in	singing,	normal-wing	males,	but	with	increasing	exposure	of	cryptic	763	
genetic	variation	as	the	social	environment	shifts	due	to	the	proliferation	of	flatwing	males	764	
(Gibson	and	Dworkin	2004).	As	the	environment	changes	(following	the	lower	arrow	from	765	
right	to	left	along	the	x-axis),	phenotypes	that	mitigate	negative	effects	of	flatwing	(i.e.	766	
reducing	δp)	will	be	positively	selected,	favouring	reaction	norms	with	increasingly	large	767	
slopes	β.	Short-term	reaction	norm	evolution	over	a	timescale	of	tens	to	hundreds	of	768	
generations	is	expected	to	be	rapid,	whereas	a	longer	period	of	genetic	assimilation	is	769	
predicted	to	occur	subsequently	over	many	thousands	of	generations	(Lande	2009).	The	770	
evolution	of	flatwing	crickets	in	Hawaii	is	very	recent	as	they	appear	to	have	arisen	771	
approximately	15	years	ago,	thus	the	rapid	spread	of	flatwings	represents	the	earliest	phase	772	
of	this	process	(Zuk	et	al.	2006)	(Fig.	5C).	Figure	based	on	Lande	(2009)	(Fig.	1).	773	
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